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(54) REINFORCED PLASTICS MATERIALS 

(71) We, OBA-GEIGY AG, a Swiss Body Corporate of Bask, S wEerland 
do hereby declare the invention for which we pray that a patent may beamed to 
ul anTSe method by which it is to be performed to be particularly described in and 

5 by 'roSSSTo the production of reinforced composites from tfaermo- 5 
sembkresteTfamform and certain reinforcing materials. It is an ™V™ememm 
rfr modiSon of, the invention described and claimed in our British Patent No. 

1>29 ^British Patent No. 099,177 there is claimed a method of making a rein- 
forceS Tcon^fSh cornfrises bringing together an essentia^ ?ohd con™ 10 

a thermosettable resin composition and strands of umdirecuonal ran- 
fordS mTterial in the form of fibres of at least one of glass boron, and carbon 
Sr conditions such that the resin composition flows about the strands, and the 
resin composition and the strands form a coherent structure. „. m , c 

15 Sorted composites made in this way are generaUy ^^^J"' 15 

entirelvTo In particular, they need to be handled with care if they are to ream 
d^SrncruS Stegrity/ FuriLr when theyare *>%**^*™* 
show a tendency to separate along the direction of the fibres. Svch 
Sorely weaken? any structure made from the composites. It follows J*atany 
cu^ed y stru^^made from a unidirectional fibre-reirrforced composiK must receive 20 
5ecM lament in the area of the curves during manufacture, to prevent this 

^^r^e^need for a unidirectional composite which ^ all the 
advantages of the aforesaid composites but which niay be haadkd J^ut die 
need for soecial precautions to prevent separation along the direction of the tores. a 

W^ havTnow fc^nd that this object may be achieved if, in the manufacturing 
orocesL a live? of fibrous material having structural integrity and the unidirecnonal 
tibTef are brought together and both are then impregnated with a sohd film adfaeave 
m f^rrr, a cXrcnt structure. This process may be used not only with unidirectional 
30 3aStow?7r^b^ fibS but also with other unidirectional, fibres such as >poly- 
aSL^SedaUy aromatic polyamide, fibres, and metal filaments, e.g., of tungsten. 

AcSrSJ, one aspect of this invention provides a method of making a 
reirforced colim)site whSi comprises bringing together an essentially sohd con- 
Sus film romprising a thermosettable resin composition, strands of 
3S ^uXdnTmSl, ana a layer of fibrous material having structural mtegnty, unde 
3S such that the resin composition flows about the strands and fibrous 
material and forms a coherent curable structure. ™,irii a «er 
T^e above-mentioned British patent discloses the formation 

1M°C and pressures of 150 to 1000 kPa are employed; temperatures of 100 to 140 C 
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and pressures of 300 to 600 kPa are particularly preferred. It is essential that the 
heating is insufficient to convert the resin into the fully cured, insoluble, and infusible 
O-stage, but rather that the resin remains in th A-stage or is, at most, advanced 

a fe? f ' ^ tena ^ " A ~> C-^ges" used herein are as defined in 

A5TM D 883— 73a. The resin may be subsequently converted into the fully cured, 
msoluble, and infusible C-stage when required, e.g., after the composite has been 
formed into some desired configuration. 

As stated above, the nature of the unidirectional fibres is not critical, but 
carbon and aromatic polyamide fibres are preferred. Mixtures of unidirectional 
fibres may also be used, for example, blends of carbon and glass, or aromatic 
polyamide and glass. 

The fibrous material having structural integrity may be woven or non-woven, 
natural or synthetic, such as nylon in woven or spun bonded form, woven silk or 
cotton cloth, and woven glass doth, this last being particularly preferred. 

The film comprising the thermosettable resin composition may be provided 
with a strippable backing sheet, e.g., a polyolefin or polyester film or ceUulosic paper, 
on the face opposite to that brought into contact with the reinforcing strands. 
Manipulauon of the film-reinforcing assembly is often easier if the film has tacky 
surf acesj these may be produced by coating the film with a substance which retains 
its jackmess during storage of the film at room temperature but which is cured to a 
hard, msoluble, infusible resin under conditions which will effect a cure of the 
thermosettable resin of the film. However, films comprising the thermosettable resin 
composiuons, even those containing a thermoplastics resin which is not heat-curable, 
often possess without additional treatment an adequate degree of tackiness under the 
conditions employed for impregnating the unidirectional reinforcing material 

The composite may be made by a batch process, the unidirectional strands and 
the fibrous web material being laid on the continuous film comprising the thermo- 
setting resin composition which is preferably under slight tension, then a second 
?uch continuous film may, if desired, be laid on top, and the assembly is pressed 
whilst being heated. 

.The composite may also be made continuously, such as by contacting the 
unidirectional strands and the fibrous web material with the continuous film of the 
thermosettable resin composition, and, if desired, applying a second such continuous 
film to the reverse side of the strands and the fibrous web material, and then apply- 
ing heat and pressure. More conveniendy, two continuous films comprising the 
thermosettable resin composition, which preferably are supported on the reverse 
sides by belts or strippable sheets, are applied simultaneously to the unidirectional 
strands and fibrous web material so as to contact each exposed face. When two 
continuous films of thermosettable resin are applied, these may be the same or 
different 

The thermosettable resin composition, which will include a curing agent, may 
contain a single thermosettable resin, such as an epoxide resin (i.e., a substance 
rcrntaining on average more than one 1,2-epoxide group per molecule) or a resole 
ttormed from a phenol such as phenol itself and an aldehyde such as formaldehyde) 
or it may contain a mixture of thermosettable resins. Preferably it also contains a 
mermoplastics resin which is not heat-curable. Examples of such compositions are 
resoles with, as the thermoplastics component, a poly (vinyl acetal) or a nylon; a 
novolac (formed from a phenol such as phenol itself and formaldehyde or other 
aldehyde) with, as the thermoplastics component, a neoprene rubber or an acrylo- 
nimle rubber; and epoxide resins, with, as the thermoplastics component, a phenoxy 
resin (lc, a polyarylene polyhydroxy polyether, substantially free from 1,2-epoxide 
groups, being a copolymer of a dihydric phenol with either a diglycidyl ether of a 
dihydric phenol or with epichbrchydrin and containing recurring units represented 
by the formula 

— OROCH 2 CHCH 2 — 



Ah 



where R denotes an arylene group), with a polysulphone (a substance containing 
recurring units represented by the formula 

— RS0 2 — , 

where R has the meaning previously assigned), or with a copolymer of an o-olefin 
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hydrocarbon with an ^-olefin which is an ester of a carboxylic acid. These composi- 
tions are made into film adhesives in a conventional manne r. 

The following Examples illustrate the invention; all parts are by weigbt. 

The materials used were as follows: 

"Epoxide resin A" denotes a polyglyddyi ether prepared in a known manner 
from 2,2-bis(4-hydroxyphenyl)propane and epichlorohydrin in the presence of alkali, 
having an epoxide content in the range 5.0 — 5.2 equfv./kg. and a viscosity at 21°C in 
the range 20—40 Pas. # , 

"Epoxide resin B" denotes a polyglyadyl ether prepared m a known manner r>y 
reaction of 23-bis(4-hydroxyphenyl)propane with epichlorohydrin in the presence 
of alkalL It had a 1,2-epoxide content in the range 0.25 to 0.42 equiv./fcg. and a 
Durrans softening point of 145°C to 155°C 

*Tolvsulphone A" denotes a material available from union Carbide Corporation 
under the designation Polysulphone P1700; according to the m^acturer, ^ jnelted 
in the range 350 to 370°C, its heat deflection temperature (ASTM Specification 
D648) was 175°Q and it contained, per molecule, 50 to 80 repeating units of the 
formula 



CH 3 

EXAMPLE 1 x 
A mixture of Epoxide resin A (100 parts), Polysulphone A (70 parte), and boron 
trifluoride-monoethylamine complex (5 parts) was dissolved in methylene chtonde 
(120 parts), and the solution was poured onto a 400 mm wide stop of silicone-coated 
release paper, then warmed gently to evaporate the solvent The solvent-free film 

KmawTMr weighed 50 g per square metre. . 

A layer of unidirectional carbon fibres and an open weave glass scnmcloth were 
fed, together with two such films of resin, through the nip of a series of heated 
loiters, the carbon fibres contacting one such film and the scnmcloth contacting the 
other film, the fibres and scrimdotb also being in contact with each other. The 
carbon fibres comprised 46 tows spread evenly over a width of 300 mm, eacn 
tow comprising 10000 filaments. The scrundoth, which was also 300 mm wide, 
wdehed 37 e per square metre, was 0.038 mm thick, and had 20.5 warp ihreads and 
197 weft t&Jads Ser 10 mm. The rollers were heated at 110°C and imparted a 
pressure of 350 kPa. Passage through these rollers took approximately one minute, 
during which time impregnation of the carbon fibres and scnmcloth took place. 

Both sheets of release paper were then removed and the resultant prepreg was 
easily handled, requiring no special care to maintain ^ its integrity. It could be 
formed into multilayer laminates and cured by heating at 150°C for 1 hour. 

EXAMPLE 2 _ 
Enoxide resin A (80 parts) and Epoxide resin B (80 parts) were heated at 
150°Cin a Z-blade mixer. When the mixture was homogeneous « was cooled to 
1(X)°C and a milled mixture of Epoxide resin A (20 parts), "Aerosil" (5 parts) and 
dSan<Sde (12 parts) was incorporated ("Aerosil" is a reristered Trade Mark 
anTdaStes a finely divided silica of large specific surface area). This mixture was 
cast onto a sheet of polypropylene 400 mm wide to leave a resin film weighing 50 

S/m A layer of unidirectional fibres of a poly(p-phenylcne tercphthalamide) and a 
layer of open weave glass scrimdotb were fed, together with two such resin films, 
through the nip of ^series of heated rollers, the unidirectional fibres contacting 
one such film and the scrimcloth the other. . 

The layer of unidirectional fibres was 300 mm wide and comprised 42 tows, 
each tow comprising 1000 filaments and weighing 0.79 g./m. The scnmcloth was 
at described in Example 1. The rollers were heated at 100°Q and imparted a pres- 
sure of 500 pKa. Passage through these rollers took approximately one minute, 
oaring which tint impregnation of the unidirectional fibres and the scnmcloth took 

PbCe Both sheets of polypropylene were then removed and the resultant prepreg 
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required no special care to maintain its integrity. It could be formed into multilayer 
laminates and cured by heating at 120°C for 1 hour. 

EXAMPLE 3 

Aqueous phenol (80%, 85 g.) and aqueous formaldehyde solution (40%, 85 ml.) 
where heated at refluxing point in the presence of 0.5 g. of sodium hydroxide until 5 
a sample of the reaction mixture separated into two phases if diluted at 20°C with 
more than its own volume of water. The resin ('Phenolic resin A*) was applied to a 
polyethylene facmg sheet at 27 g. per sq. metre and immediately before the applied 
film spontaneously broke up into droplets, powdered polyvinyl formal) was sprinkled 
onto it at 34 g. per sq. metre. A similar procedure was carried out on a second 10 
facmg sheet of polyethylene, and the two coated surfaces were then placed in 
contact and pressed at about 3430 kPa for 1 minute at room temperature. One 
facing sheet was removed, and the film adhesive was provided with a tacky layer 
as foil ows. 

15 film adhesive was passed under a doctor blade with a clearance of 0.075 mm 15 

and coated with a composition which comprised 300 parts of a resin obtained by 
evaporating Phenolic resin A until the content of resin-forming materials was 
90°/ o> 150 parts of polyoxypropylene glycol having an average molecular weight of 
1025, 4.5 parts of powdered polyvinyl butyral), 10.5 parts of "AerosiT, and 100 

2U parts of industrial methylated spirits. The solvent was evaporated from the coating 20 
by infra-red lamps, and the film wound on itself, the strippable polyethylene sheet 
acting as a separator. 

To prepare a prepreg of this invention, two such films with a flat bundle of 
unidirectional E-glass fibres (96 tows, each of 600 tex) sandwiched between are 

25 passed continuously through the nip of a series of rollers heated at about 110°C 25 
and exerting a pressure of about 350 kPa, the passage taking approximately 30 
seconds. 

One of the polyethylene sheets is then removed and a glass scrimcloth, as 
described in Example 1, is contacted with the unidirectional glass fibre. Another 
polyethylene sheet is placed over the scrimcloth and the structure is passed through a 30 
series of heated rollers similar to those used previously, passage again taking 30 
seconds, to impregnate the glass fibres and the scrimcloth. 

Both sheets of polyethylene are then removed, and the resultant prepreg is easily 
handled and retains its integrity. It could be formed into multilayer laminates and 
35 cured by heating at 170°C for 30 minutes. 35 
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WHAT WE CLAIM IS: — 

1. A method of making a reinforced composite which comprises bringing 
together an essentially solid continuous film comprising a thennosettable resin com- 
position strands of unidi r ectional reinforcing material, and a layer of fibrous 
material having structural integrity, under conditions such that the resin composi- 40 
tion flows about the strands and fibrous material and forms a coherent curable 
structure. 

2. A method according to claim 1, wherein the resin composition is caused to 
now about the strands and fibrous material by applying heat. 

45 3. A method according to claim 1 or 2, in which the resin is caused to flow 45 

about the strands and fibrous material by applying pressure. 

4. A method according to any of claims 1 to 3, in which the unidirectional rein- 
forcing material is glass, boron, carbon, or rx>lyamide fibres, or metal filaments. 

5. A method according to claim 4, in which the unidirectional reinforcing material 

50 is aromatic polyamide fibres. 50 

6. A method according to any of claims 1 to 5, in which the layer of fibrous 
material having structural integrity is nylon in woven or spun-bonded form, woven 
silk or cotton cloth, or woven glass cloth. 

7. A method according to any of claims 1 to 6, in which the film comprising the 

55 thennosettable resin composition is provided with a strippable backing sheet on the 55 
face opposite to that brought into contact with the reinforcing strands. 

8. A method according to any of claims 3 to 7, in which the unidirectional 
strands and fibrous web material are laid on a continuous film comprising the 
thennosettable resin composition, then a second such continuous film is laid on top, 

60 and the assembly is pressed whilst being heated. 60 

9. A method according to any of claims 3 to 8, in which the composite is 
made continuously by contacting the unidirectional strands and the fibrous web 
material with the continuous film of thennosettable resin composition, applying a 
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second such continuous film to the reverse side of the strands, and applying heat 
and pressure. 

10. A method according to r^i™ 9, in which the two continuous films com- 
prising the thermosettable resin composition are applied simultaneously to the uni- 

5 directional strands and fibrous web material. 

11. A method according to any of claims 1 to 10 3 in which the thermosettable 
resin composition contains an epoxide resin or a resole formed from a phenol and an 
aldehyde. 

12. A method according to any of claims 1 to 11, in which the thermosettable 
1 0 resin composition contains a thermoplastics resin which is not heat-curable. 

13. A method according to claim 12, in which the thermosettable resin compo- 
sition contains a resole and a polyvinyl acetal) or a nylon. 

14. A method according to claim 12, in which the thermosettable resin compo- 
sition contains a novolac, formed from a phenol and an aldehyde, with a neoprene 

1 5 rubber or an acryionitrile rubber. 

15. A method according to claim 12, in which the thermosettable resin com- 
position contains an epoxide resin and a thermoplastics component which is 

(a) a polyarylene polyhydroxy polyether, substantially free from 1,2-epoxide 
groups and is a copolymer of a dihydric phenol with either a diglycidyl ether of a 

20 dihydric phenol or with epichlorohydrin and contains recurring units represented 

by the formula 
1 — OROCH 2 CHCH,— 

I 

OH 

where R denotes an arylene group, or 

(b) a polysulphone containing recurring units represented by the formula 

25 — RS0 2 — , 25 

where R denotes an arylene group, or 

(c) a copolymer of an <*-olefin hydrocarbon with an a-olefin which is an ester 
of a carboxyHc acid. 

16. A method according to any preceding claim, wherein the resin is advanced 

30 to the B-stage. , , 30 

17. A method according to claim 16, in which the resin is subsequently con- 
verted into the fully cured, insoluble, and infusible C-stage after the composite 
has been formed into some desired configuration. 

18. A method according to any of claims 2 to 17, in which the resin composi- 

35 don is caused to fiow by heating at a temperature of 50° to 180°C 35 

19. A method according to claim 18, in wfc&h the composition is heated at a 
temperature of 100° to 140°C 

20. A method according to any of claims 3 to 19, in which the resin composition 
is caused to flow by application of a pressure of 150 to 1000 kPa. 

40 21. A method according to claim 20, in which a pressure of 300 to 600 fcPa is 40 

applied. 

22. A method according to claim 1, substantially as described herein. 

23. A method according to claim 1, substantially as described in Example 1. 
24 A method according to claim 1, substantially as described in Example 2 or 

45 3. 45 

25. Reinforced composites made by a method as claimed in any of claims 1 to 17 

and 23. , 0 

26. Reinforced composites made by a method as claimed in any of claims 18 to 

22 and 24. 

T. SHARMAN 
Agent for Applicants. 

Printed for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1979 
Published by The Patent Office, 25 Southampton Buildings. London, WC2A I AY, rrom 
which copies may be obtained. 
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